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Tpis invention reiae. .o elecuode stf^ far testing ^ volumes of. 

say. whole Dlood 

Q,ni,^mind of me Invention 
„ ^,e. is one of me most common enoocrtne «»,a,uon». Sufferer. 

mus.mon,<or««,rb,ood8,ua»e.eve,frer^en..y TOs is usualW achieve. by 
me use of small test strips whicn detect Blood slucose 

P,o«emscommonlyexperiencedt,yusersofthesetesls.rlps,nc.udean 

.naoequate amount of blood on tne test stt,p and bad placement of the blood 
,5 ontnetestsirip. A number of dev,ces nave addressed .n,sproblem^byus^ 
sample Chambers matfill by capillary aeuon Tne sample is re,a,ned ,n Co« 
proximity to ,1^ elecrodes »nich facilitate «.e measurement of me spec.f,c 
enalyteinmesanVIe: see6P-A^170375andUS^-5,41868. 

SucnKno*nde«cescanpriseelec^odesdepos.tedonanon^nducun9 
20 substrate coaiedwima^agentsystemspeciteformeanalyteofinterestand 
Tsed wtnin a cavity whose d^ns.ns are sufHcient, smaMo a».^ 

Iduction Of a sample, e.,. 2.5-3 pL in volume, by <=^'^^^ 
Lple is retained in dose p«»imi,ytomeelec«odes.andtneelec.rod«are 

Xred^sucnawayastofacil^etememeas^menicsped^celecca, 

25 properties of the sample ^^^.^ 
Sucndevicassufferfromnumerousdra«ba*s. .npartio-larmeneadto 

conu«,medimensionsofmecavi.y«.minvery«flh.ly<iefinedlimi.s Exceed,r,9 
remanu,ac.unn9to,erances«,.lpreventtnesamplefromer»erin,««^^^^ 
py capllarv aaion. In pan,cular, me extent to wnich mese devices can be 
30 mlaw^ed ,s limited by both me manufacturina tolerances and me s,9naHo- 
noise ratio achievable «im the relevant chemistry. 



Furtner when vscous sample fluids such as blocxl are introduced »,to 
me cavity me'cnemDer will Wl wim sample relatively slowly, mus deiayng the 
time ,a«n to complete me analysis. Variations In sample viscosity ana thus 
sample surface tension characterisUcs result in .ariailons o»,t«fill time; m,s not 
5 only compromises the overall analysis Ume But, more imponantly. leads to 
.^precision in the analytical result, sin.^ the time over whicn the sample ,s 
exposed to the analyte-specific reagent is sut>jea to vanation. 

Another common problem with these tests is that the response of the 
systems Changes, due to chanses in the haeraatocra levels of the blood. 
,0 Typically, the red l=lood cells may cnange me ws«>s,.y «f me «mple or 
ometwise hinder the perfomiance of me test These ct^anges, wh,ch are 
usually not related to me anaiyte level, interfere wim tne test. In extreme cases. 
,ne, may maKe large cnanges to me response of me device and give me user 
seriously misleading results Partcularly misleading results can be obtained 
1 6 for neonates and mose suffering from Blood disorders 

WO-A-9730344 discloses an electrode device which includes a polyester 
mesh adapted to guide the sample to me reference electrode. This device 
requires mat me reagent includes a filler having bom hydrophobic and 
hydrophilic surface regions, in order to avoid problems associated w,m 
20 venations in sample nandling and to be independent of the haemocrit of me 

sample, for glucose testing 

US-58205S1 discloses a test strip comprising a support carrying a 
«orl«no electrode and a counter electrode, and an enzyme and a mediatormat 
are coated on the active electrode A drop of whole blood can provide a 

26 conducting pam between me electrodes, and me concentration of glucose in 
me blood can be determined. The active electrode is exposed to a whole blood 
sample without an intervening membrane or omer whole blood filter. 

US-A-562a990 discloses a conductive layer coated wim an analyte- 
specific reagent and deposited on a nonconducting substrate, a spacer layer 

30 deposited onto the non-conducting substrate by micK film priming, a 
monofilament mesh material coated wim a surfactant and/or a chaotropic 



reagent the mesh t)eing overlaid onto the space layer. ar,d a second non- 
conductive suDstrate adhered to the mesh layer The device is thus multnayer 
.nconstruct.on.andcomprisestwosurfacesseparatedt,yaphhtedspacerlayer 

and forming a cavity or area wh.ch is open at one end for the .ntroduction of 
sample. This cavty or area is f.lied with a mesh material that extends Deyond 
the second substrate and fomns a sample application area. 
fiiimmarv tha Ipvention 

According to one aspect of the present invention, a device wh.ch is 
capahle of electrochemical measurement of the levels of analytes present ,n a 
small fluid sample volume, comprises a conductive layer coated with an 
analyte-specfic reagent and deposited on a non-conducting substrate, a spacer 
layer deposited onto the non-conducting substrate by thicK film pnnt.ng. a 
monofilament mesh material coated with a surfactant and/or a chaotrop.o 
reagent the mesh be.ng overlaid onto the space layer, and a second 
non-conductive substrate adhered to the mesh layer. The dev.ce ,s thus 
multilayer .n construction, and comprises two surfaces separated by a printed 
spacer layer and forming a cavity or area wh.ch .s open at one end for the 
introduction of sample. This cavity or area is f.lied with a mesh mater.al that 
extends beyond the second substrate and forms a sample applicat.on area. 

According to a funher aspect of the present invention, a test strip 
comprises a support carrying an active electrode and a counterelectrode. and 
a layer of a material within wh.ch a small volume of liquid to be tested can be 
distributed and provide contact between the electrodes, and where.n an 
analyte-specific reagent such as one component of a redox reaction, e.g. an 
enzyme co-factor or mediator, is coated on the material. In particular, the 
invention provides a test strip for blood glucose, .n which the sample 
requirement is very small, and efficient reaction Kinetics are achieved by the 
application of the reagents .n a novel manner. 

The reagent-coated material may .tself be in tape form- According to yet 
another aspect of the invention, a flexible tape is of a material within which 
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,i<,uiacanbe distributed .ndon«nichareco.tedaiscre.ea,easof at leaston* 

component of a redox reaction. 

Byway of exampieonly.adevice according to the present invention may 

oe produced and used by a procedure involving one or more. e.g. all. of the 

following steps. 

(a) depositing a conducting layer of carDon and graphite, m a 
polymer binder, on a f.rst non-conducting substrate; 

(b) depositing a second conduaing layer consisting of silver/silver 
chlonde to function as a reference/counter electrode, adjacent to 
but not continuous wiin the first conducting layer; 

(c) coating the surface of the first conductive layer with a reagent or 
mixtures of reagents which react specifically with an analyte or 
analytes in a sample material; 

(d) forming a spacer layer by thicK film printing on top of the first 
1 5 non-conducting substrate and on top of the first conducting layer. 

in order to leave a portion of each of the first and second 
conducting layers exposed; 

(e) locating a coated mesh material on top of the spacer layer and 
permanently secunng it to the spacer layer; 

20 (f) locating a second non-conducting substrate on top of the mesh 

matenal and permanently secunng it in such a way as to leave an 
extended area of mesh exposed: 

(g) applying a sample to the extended mesh area in order to fill or 
flood the device sensing area, by wetting of the mesh with 

25 sample; and 

(h) quantifying the analyte in the sample by reaction with the reagent 

on the first conducting layer. 
The electrode device allows the application of a small volume of sample 
(typically less than 1 mD to the mesh extension. Using conventional sensor 
30 processingtechnology.devicesmaybeconstruaedthatrequireaslittleasO.1 

to 0 2 ML of sample. This is achieved by flooding of the device sensing area 



Witt- sample. Bnnging it .mo im,mate comae witt, the measuring electrodes, 
■me cavity may t« filled either 0y piacirtg a drop of sample liquid on top of tne 
exposed mesh at the edge of the cavity or hy contacting the edge of the cavrty 
with the sample. 

Provision of mesh at the edge of the device allows for easy collection of 
blood from a pafent. The nurse or other user can simply hold the device in 
contact v^ith the patient.and can readilyseev^heretodo that, oycontrasttoany 

device where the sample application area is not at a peripheral edge. Th.s is 
an important consideration where a simple test has to be done many times a 
oay. ana typically with patients such as children or neonates where simplicity 
of operation is essential. 
Brief Description of th ** prawinos 

The accompanying drawings are provided for the purpose of illustration 

only In the drawings: 

Fig. iA is a schematic side view of a sensor device embodying the 

present invention; and 

Fig. IB is a plan view of part of the embodiment shown in Fig. 1 A. 

nescrioti' ^" t'^^ Invention 

One Characteristic feature of the present invention is the use of a 
monofilament mesh or membrane matenal A sample application area is 

provided on the mesh 

The mesh layer is preferably a synthetic, monofilament, woven material. 
,t may be made from polyester or nylon. The mesh is coated with a surfactant 
material a detergent or wetting or iysing agent. Examples include 
fluorosuffactants. non-.onic surfactants, ionic surfactants, zwitterionic 
surfactants, saponin and sodium cholate. In a preferred embodiment of the 
invention, as a glycoside agent, digitonin. saponin, decanoyl-N- 
methylglucamide (DNMG) or a combination of saponin and DNMG is used, to 
lyse the red blood cells In a diagnostic strip. 

Preferably, the Iysing agent should be included m a perforated mesh 
material that lies above the sensor in the manner of Figure 1 Red blood cells 



that come into contact witn the lysing agent on the mesh are lysed before they 
come into contact wth the underlying sensor. Alternatively. Doth the lys.ng 
agent and the enzyme may be included in the perforated layer itself Dy. for 
example a spotting or dispensing method as disclosed below. 
5 The mesh material is interposed between the spacer layer (on the first 

substrate) and the second substrate, and functions to reduce the surface 
tension and/or viscosity of the sample, e.g by viaue of a wetting agent coated 
onto Its surface Application of sample to the mesh results ,n dissolution of the 
mesh coating material into the sample, reducing sample surface tension and 
1 0 allowing sample to wet tne whole of the sensor area. Sample may not flow over 
the sensor area in the absence of a wetting reagent coated onto the mesh. 
Alternatively, in complex samples such as blood, where the measurement of a 
specific analyte is adversely affected by the presence of whole cells, for 
example by occluding an electrode surface, the mesh may be coated with one 
1 5 or more agents which lyse the cells on contact; this has the added advantage 
of reducing sample viscosity at the same time as removing the whole cell 
interference. 

The system may be deposited as a single electrode, a micro-electrode 
or as a m.croetectrode array. The electrode may be used in conjunction with 
20 reference/counter electrodes deposited on the same substrate. 

The non^nducting substrate material may be a sheet of. for example, 
polyester, polycarbonate, polyvinyl chloride, high density polypropylene or low 
density polypropylene. In a preferred embodiment, a polyester sheet material 
is neat-stabilised pnor to application of the conducting layers, to confer 
25 dimensional stability on the polyester material prior to processing. 

The conducting layer preferably contains graphite, carbon and a polymer 
binder. For example, the graphite component has an average particle size of 
upto20Hm.e.g i -20 nm. a surface area that is typically of up 50 m^/g. e.g. 1- 
50 m^/g. It is inherently conduaive: it may be derived from either natural 
30 sources or produced synthetically. TT^e carbon component preferably has an 
average particle size of less than 1 Mm. e.g. 5-70 nm. and typically has a 



surface area of less than 160 m^/g. LiKe the graphite compor^ent. it is also 

inherently conductive. 

The polymer binder may be either thermoset or thermoplastic. It may be 
derived from any of diverse polymer families, including polyvinyl chloride, 
polyvinyl acetate, polyvinyl alcohol (and copolymers of vinyl chloride, vinyl 
acetate and vinyl alcohol), hydrocarbons, ethyl and methyl celluloses, epoxys. 
polyesters and alKyds. Suitable polymers may contain functional, reactive 
groups such as carboxyl. hydroxyl. amine, thiol, ester, epoxide and/or amide 
groups. Which enable the polymer to be cross-linKed 

Tne conouaing electrode material may be deposited on the 
non-conducting substrate by a conventional printing process, e.g. thick film 
pnnting (also known as screen printing), lithography, letterpress printing, 
vapour deposition, spray coating, .nk jet printing, laser jet printing, roller coating 

or vacuum deposition. Following deposition of the conduaive electrode 
material, the polymer binder may be stabilised or cured by a number of 
conventional processes, including forced air drying, e.g. at elevated 
temperatures. Infra-red irradiation, ultraviolet irradiation, ion-beam irradiation 
and gamma irradiation. All of these processes result to varying degrees in the 
cross-linking of individual molecules of the polymer binder. The use of 
ultraviolet radiation typically requires the inclusion of a photo-sens.tising 
reagent in the conductive electrode material, to initiate the polymer cross- 
linking reaction. 

The reagent located on top of the first conductive layer usually it 
contains all the components, in a solid state, necessary for measuring the 
concentration of analyte in a sample. Examples of suitable such components 
include enzymes, enzyme cofactors. coenzymes, co-substrates, antibodies or 
other analyte-binding partners. DNAor RNA. redox partners, mediators, buffers. 

lonophores and salts. 

The reagent may also support matrices, binders and stabilisers for the 
other components. For example, suitable matrices include particles of graphite, 
camon. Silica, glass, latex or polyvinyl chloride. Suitable binders Include 
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polyvinylaiconol.polyv.nylacetate.poiyvinylpyrrol.done.prote^^^ 

cellulose acetate. Suitable stabilisers include alcohols, esters, proteins, protein 

hydroiysates and both simple and complex carbohydrates 

The reagent may comprise a number of individually applied layers, each 
containing specific components Its composition is such that it undergoes at 
least partial dissolution when contacted by the fluid sample. 

The reagent may be deposited on the first conducting layer by a 
conventional deposition process, e.g. thick film printing (also Known as screen 
printing), lithography, letterpress printing, vapour deposition, spray coating. inK 
jet printing laser jet priming, roller coating or vacuum deposition. Aiternat.ve 
deposition methods include syringe displacement, pump displacement and 
titration; such methods are common in the art. Combinations of these 
deposition processes may be used to construct a multilayer device. Following 
deposition of the reagent (or after deposition of each individual layer), the layer 
may be stabilised or cured by a number of conventional processes, including 
those described above, in order to achieve cross-linKing of individual molecules 

of the polymer binder. 

The spacer layer may be deposited on the first non-conducting substrate 
by conventional thick film deposition, and may be stabilised or cured by a 
number of conventional processes, including those described above, in order 
to crosslink individual molecules of the polymer binder. The thickness of the 
spacer layer may be controlled by means of a number of parameters, including 
printing conditions (pressure, speed, screen tension and emulsion thickness) 
and ink properties such as solids content and viscosity. 

Electrodes of the invention have several desirable characteristics. For 
example, the devices require a very small volume, typically less than 1 hL. e g. 
down to 1 00-200 nU. of sample such as whole blood, plasma, serum, interstitial 
fluid sweat or saliva. When the sample fills the sample cavity, a very thin film 
of sample is spread across the surface of the deposited reagent, maximising 
contact with the reagent, and enabling reagent to be dissolved in the sample 
rapidly. . This allows rapid attainment of the steady state. 



,n a preferred embodiment of the device, the cavity is positioned ai the 
end of edge of the device. This device may be readily filed with sample by 
contacting the edge of the test strip with the sample. In another preferred 
embodiment, the cavity may be pos.tioned0-2mm from the edge of the device. 

thus exposing an area of the test strip which may be scraped along a surface 
(such as a punctured area of sKin). .n order to collect the sample. 

in accordance with this invention, any one or more of the components of 
a redox reaction, e.g. an enzyme such as glucose oxidase or glucose 
dehydrogenase, a co-factor and a mediator may be applied to a mesh or 
membrane which ,s placed over tne device. For the purpose of .llustration only, 
the invention may be descnbed with reference to an enzyme-coated mesh. 
Whichever component or components are used, when the sample is added, 
they are solubilised quickly and form an efficient reaaion medium that can 
provide contact between the separate electrodes of the test strip, in this 
manner, the reaction will proceed rapidly. This reaction configuration is 
particularly indicated in cases where the sample volume is low, the sample is 
viscous (such as with whole blood) and a rapid reaaion is required. 

in a typical embodiment of the invention, the sensor test strip consists 
of two electrodes, one of which acts as a worKlng electrode and another which 
acts as a counter, reference electrode The end of the worKing electrode that 
,s exposed to the sample has a mediator in intimate contact with it. The test 
stnp effectively provides a reaction chamber defined by these two eiearodes 
and an additional sheet, overlying the electrodes, which has been pre-coated 
with the redox enzyme and any necessary co-factor for that enzyme. The 
reaction chamber may also comprise further sheets of material and/or wetting 
agents, e.g. a surfactant, or cell-lysing materials (which may be placed in any 
one of the overlying sheets). In this manner, the active enzyme is not coated 
onto the conductor which forms the working electrode but is provided in a 
separate layer above it which, in turn, effectively forms the solution phase of the 
reaction chamber When combined with lateral flow, conditions are created that 
approach efficient mixing in a stirred reaaion chamber. 
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,n an example of the invention, a silver cnioride/silver reference/counter 
eiectrodeisiocatedadiacenttoacartx^nelectrode. Typ.cally. for this purpose, 
a pa,r of printed carDon electrodes .s printed on a non-conduaing suDstrate. 
and then s.lver/silver chloride is printed on one of the carPon electrodes to 
function as the reference/counter electrode. A non-conducting ink .s pnnted 
over the carbon eiearodes and the substrate, .n order to define a portion of 
each electrode as a contact pad for insertion into a meter and another pomon 
on each electrode away from the contact pad as the sensing area v^ere the 

sample is received. 

A mediator for me enzyme cofactor NADH is then prepared and 
deposited onto the electrodefrom aqueous solution by p.petting. Afurther layer 
containing NAD is then deposited onto the worKing electrode. 

A monofilament mesh material is coated v.ith a surfactant and then v..th 
a solution containing glucosa dehydrogenase v,a p.petting. inK jet-coating or 
O.p-coat,ng. and is placed over the tv.o electrodes to form a reaction chamber. 
This reaction chamber may be defined funher by additional pnnting. or by the 
use of a top layer to form an edge fill cavity. For example, a second non- 
conducfing ink printed on top of the mesh matenal. and then a cover tape .s 
applied on top of the mesh m such a way as to leave an extended area of the 
mesh exposed for sample application. 

The device allows the application of a small volume of sample (typ.cally 
1 PL or less) to the mesh extension. This is followed by flooding of the device 
sensing area with sample, bnnging it into infimate contact with the measunng 
electrodes. 

,n more detail, the drawings show a non-conductmg sheet l and. 
deposited thereon, a conducting electrode in two parts 2a.2b. The part 2a 
carries a reference/counter electrode 3. and the part 2b carries a reagent layer 
5 The parts 2a. 2b also carry a spacer layer A (this and other components 
described below are not shown In Fig. l B. which is provided merely to show the 
electrical configuration). A mesh material 6 is laid over the electrode 3. the 
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spacer 4 and the reageni layer 5. A tape 7 is provided over tne mesh material 
6. 

A device sensing area 8 is defined between the respeaive parts of the 
conductive layer and thus Detween the reagent and the reference electrode. 
The mesh material is not coextensive v^ith the tape 7. thereby defining a sample 
application area 9 In use. sample applied to area 9 is carried Dy the mesh 6. 
so that it floods areas 3. 5 and 8. The presence of an analyte in the sample can 
now t)e determined elecirochemically. 

In such a device, reagent is preferably provided on the mesh material 
Such a device can won^ py application at its edge, to a sample. This is 
particularly valuable in cases where it is difficult to extract the sample. Other 
configurations w.ll be evident to one sKilied in the art. including combinations 
of one or more of the cofacior. mediator or the enzyme coated onto the 
overlying mesh or membrane sheets. The choice of combination may on the 
reaction kinetics of the various compounds 

In another embodiment of the device, the enzyme or the mediator is 
coated on the sheet, the co-factor and/or the enzyme are coaled onto the 
working electrode directly, and the sheet is capable of filtenng the whole blood 
such that the active electrode sees a sample which is effectively free of whole 
blood cells, in this case, the haematocrit dependency of the result is 
substantially reduced. In this manner, the cell-filtering function of a selected 
membrane may be combined with the rapid kinetics of having the some or all 
of the active elements of the reaction (the enzyme, mediator and the co-factor) 
in the membrane, to produce a highly effective device. 

in another embodiment of the device, the enzyme and mediator are 
coated onto the working etearode directly, and the sheet is coated with 
surfaaants and a cell-lysing agent such that the active electrode sees a sample 
which is effectively free of. or has substantially reduced levels of. whole blood 
cells. In this case, the haematocrit dependency of the result is substantially 
reduced 
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,n sumroary, according to me present invention, a device ma, t« 
construaed W depo5,tin9 one or .note of the reagents reqt-ired for tne 
quantitation of an analyteasasingle or multiple layersonafine mesh matenal 

or memprane. tne deposited areas are of dimensions smallenougn to wet w,tr> 
5 a very small sample volume. The mesh or membrane can pe used in both 
colonmetricand eie«rochemical devices Alternatively, one of these reagents 

is coated onto the active electrode. 

A Characteristic of this invention is that a reagent is applied preasely 
onto a target area, or covers a target area, on a v,ove„ material su* as 

10 polyesier or nylon or other porous membrane. In use. .h,s provides rapid 
„lubilisat,on of the reagents in the presence of the sample. reagent or 
reagents can be appued In a number of difler^nt memods that result in the 
deposition of a Knov«, volume at a precise location and in a welWef,ned foot- 
print These include the use of dispensing equipment such as a piston pump. 

15 syringe pump or on-demand ,nkie. Printer. Alternatively, the whole mesh may 

be coated via dip coating or spraying 

The present invention particularly provides for the construction of a 
glucose-sensing patch in which the enzyme is dried upon a non^absorbent 
„,eshmaterialthatcanbeovenaidomoanetectrode surface. Contactbe^»een 

20 ,ne electrode/mesh and the sKin can be achieved by a hydrogel or other 
conducting polymer. In this manner, the hydrogel and the enzyme-suppomng 
layer are kept separate from each other until use. In addition, the gel layer can 
Be manufaaured without having to incorporate a delicate enzyme that may be 
damaged by cross-nnKingor other processes involved inwemanufactureof the 

25 hydrogel. , 

The hydrogel may be wetted by rupturing e small reservoir before use 

Alternatively, the hydrogel ma, be dipped into place over «ie electrode and 

mesh assembly before use. 

in a further emDodiment. a flexible tape containing one or more reagents 
30 may be laminated to another flexible tape on which is printed a senes of 
electrodes Instead of cutting out individual sensors, the lam.nate (comprising 
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a rov, or serie. of sensor.) may oe used sequenMlly, e.9 on being Oispensea 
,„m a sui,«,e dispenser. For mis purpose, whemer or no, as a laminae, a 
«pe of me invention may « provided as a rC. and stored in seaied oasseuas 
«nicn may aiso contain desiccant. In use. tne cassette may oe .nser^.nto a 
automatic dispenser fr»n which the tape is wound out automaucalty Py an 
indexing mechanism to reveal sequentially the discrete sensors. The acuon d 
m,s instrument is therrioreanaioaous to meaconofafiiminacamera. in thiS 

em«.dimen.,,hetapema,alsocontainaredbloodce,Hysinfl.ea3e™suchas 

degtonin or saponin. ,n omer to reduce the effea of haematocm and 
naemogiosin ,nav*olehlooa sample. The tape may befurtharp^otec^from 

moisture by heing covered wim a peeiable Wm (e g of a,un,hum) that ,s 
automavcally peeled off when the tape is d.spensed from the casse«e. When 
me sample is applied to the sense, the a,™>un, of analyte of interest ,n the 
sample may ^ detemiined electrochemically Such determination can l>e 
conducted by Known methods. 

Elearodes of the invention may Be used for the analysis of 
enalytes/species wh,ch can 1« d,recuy o»dised or reduced by «ie removal or 
addition of electrons at an electrode; analytes/species which can be readily 
convened by an enzyme or a series of enzymes, to a product which can be 
directly oxidised or reduced by me removal or add,tion of electrons a, an 
electrode- analytes/specieswhichcanbeconvehedtoaproductby an enzyme. 

«,mtneconcomitaraoxidat,onorred^ionofanenzymecofaaor.whereinthe 
cofactor may then be ditectly oxidised or reduced by the addition/removal of 
eiectmns; and analytes/species which can be converted to a product by an 
enzyme which is in intimate contact w,m the electrode surface, such that me 
enzyme is able to pass or receive electrons directly from the electrode. The 
novel device is particularly suitable for use as a glucose sensor. In th.s case, 
me reagent .s preferably glucose dehydrogenase, mis can provide a glucose 
reading that is substantially independent of me naemocrit of me sample. 

in a further embodiment of me invention, me electrode strip may be 
ettached to a means for automatically obtaining a sample, e g from me body 
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o,apa.ianUnmisemDo<.im.nt.su«aO,emeanssucnasacame.er,neea,e» 

sna-p capillar Wl ««nnel is in contact wim ma «rip, such mat sample ma ^ 
0 Jna. an. ..cK automatically into tne aavc. The u^r ooes not t^erefo. 
have to carty out separate steps of ol>.ain,ng the sample and applying t^e 

sample to the strip^ 

The strip electrode can De used w,th any flu,a in «hich the analyte to De 
detemtined ,spresantinc,ud,n9,0utnotl,mited,o,in,erst,„a.fluid, saliva v.hole 

wood, plasma, serum, unne, tear drops, sweat, exudate, non-t^ioloaical fluids, 

cell extracts and fruit juice. 

The following Examples illustrate tne invention. 

Fxam pie 1 , ^^^^ 

A conductive inK material is printed onto a non^onductna polyester 
Sheet material (125 pm thicK) Oy a saeen printing process The conduaive ,nK 
material consists of a mixture of graphite panicles (average particle s,« 1 nm, 
„im a surface area of 16 m^/g), conduaive carbon partides (average pan,cle 
size 40 nm surface area ^00 m'/g), and a vinyl chlonae/acetate copolymer 
binder in an organic solvent. After deposition of me conductive IhK, solvents 
areremovedinaforced air oven, wnilstmeapplicationof elevated temperature 

initiates me chemicaicrass-linKing of polymerbinder by me bifuna,cnal amine 
A silver/silver chloride, screen-printed referenceycounter elearode is 
located adjacent to me conduaive carbon layer on the polyester support. A 
spacer layer is then screeni^rinted in suOi a way as to leave part of me 
conductive camon elearode and all of the reference/counter eleorode 
exposed. 

A multilayer reagent mixture, specific for the measurement of glua>se, 
is prepared. II comprises 2,W,chlorophenolindopnenol, Nile Blue, Medola 
Blue or any omer suitable mediator for the enzyme cofaaor NADH, deposited 
onto me exposed conduaive carbon-graphite layer from aqueous solution by 
p,pettin9, and dned to leave a film of mediator coated onto the conduaive 
camon/graphite layer As me elearon acceptor, Medola Blue is preferred; see 
US A-1490464. A second layer is deposited by mia<film printing, consisting 
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I an aqueous so,u,i^ o, gucos. oeMrogenas. (NAD-dapendem,. .ys,n9 

agents ana aabilisers. Tnal is men also drieo. 

As.rta«am^.eOmonofilamemmesnma.erialis,oca.edon»pofma 

.pacer layer and seoured Py thicKfllm deposition of a second spacer layer. In 
addition, tnis layer may Pe coated »i.h saponin/DNMG. in order to lyse red 

A second non-conducting layer, compnsing a 76 nm thicK polyester tape 
„,ateria, is adnered onto mesn material wimapressure-sensitiveadhesiveand 

■„ positioned on top of tt,e monofilament mesn in sucn a way as to leave an 
exLed area of tne mesh exposed. Tne exposed area acts as a sample 
application zone. 

When a suitaPie potential difference is applied between the conduct,ve 
caroon and me silver chloride reference elecuodes. the electrode device can 
be used for the measuremem of glucose in a sample of Wood, using standard 
eiectrochemicaltechniquessuchaschronoamperometry.Glucoseisconveried 
,ogiuconoiacU,ne.w,thconcc^i.antcon.ersionofNADMoNADHPy«^ac.on 

of the NAO'-dependent glucose dehydrogenase, and NADH is reox.d,sed to 
NAD' Py the mediator compound. The mediator compound is in turn teoxidised 
at the electrode surface, and the current produced is praponional to me 
concentration of glucose in the sample 

^"^IfLnductive inK material is printed onto a non-conducting polyester 
Sheet materia, Py a saeen-printing process The conductive inK n^^a, 
consists of a mixture of graphite and carPon particles and a polymer Pinder in 
an organic solvent. After deposition of the conductive ,nl. solvents are 
.amoved in a forced air oven. A silver/silver cnwride reference^counter 
eleci^de is pnnted onto one of each pair o, printed carPon electrodesfollow^ 
, by a non-conducting ,nk layer to define the contact pads and the sensor area. 
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A medtetcr ^ ^ M^iaoa Blue. Nile Blue or other suuawe dye and *e 
en^mea.-fa«ornicoUnamideaoen,ned,r,uo,eo.ide(r4AD)a,edepo.itedomo 

,„e career, eiecuode. Alrematwel,, me NAD is applied «parately over the 

mediaior from an aqueous inK. 

Tne enzyme glucose dehydrogenase .s deposited as unifonn spots on 
a monofilament polyester mesh tape. This .s achieved as follows: 

(a) in a contact mode, where a drop fomied at a dispenser t.p .n 
Close proximity to the mesh .s allowed to be transferred to the 
mesh by touching off the drop onto the mesh surface; or 

(b) in a non-contaa mode. wher. a drop fom^ed by an .nk-jet print- 
head or other ortfice above the mesh is dropped onto the mesh 
from a distance under conditions which do not cause it to 
penetrate the mesh. 

upon drying, tne spots spread to cover an area defined paniy By We 
Characteristics of the mesh weave and partly hy the application conditions. 
Typically the areas covered by a 500 nU drop is 1 .3 x 1 .2 mm. The mesh tape 
IS aliovied to dry at room temperature. 

The enzyme^modified mesh tape is then laminated onto the modified 
Sheet of devices and secured further by a nonconducting p^nt Finally, a cover 
tepe is laminated on top of the mesh The sheets of devices are disc cu, into 
individual devices. In an altema«ve device format, the laminated sheets are 
wound and included in a cassette type unit, allowing a single device to he used 
By a wind^on mechanism similar to a camera film^winaing system. 

Example 3 

Experiments were conducted, to demonstrate that the present invention 
allows the production of glucose sensor strips that are essentially independent 
0, the haematocrit of the blood sample A comparison study was carried out 
between three batches of glucose sensors. The sensors were constmced as 
per Example 2. i.e. the enzyme is d,spensed on a polyester mesh matenal 
before application to me sensor devices In «tis case, batch 1 was made wim 
no addition to me enzyme and acts as a control, batch 2 was prepared by 
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acs,n9 00.0 me a.sn an enzyme ccntain,ng 1* sapon,n and 0^ 

L,^,^«ucamidefron,wnic,.lowmo,ecu,arwe-,g™con^nen«^ 

L rLoved, and .a.cn 3 «a, made .y adding 1% pure d,9,.on,n u. me 
enzvme Defore application to tne mesn. 
, The mree na«nes of sen»rs were tested ^m flood samples na»,ng 

various glucose ooncentrations and naematocrits ranging from 20^% Tne 
.suits omened snowed mat mere was a strong dependence on naematoa 
I ^ch ^ ^r. no lysing agent was present Baton 2 and batcn 3 showed 
,r«,mere«asareduceddepende™:eonhaematoc„tinmepresenceof.ys,ng 

10 agents, over me naematocrit range ot2(>60%. 

^""^cose oxidase ,s dissolved in water. The solution is pipetted onto a 
fine polyester mesn such that it wicKs over tne entire mesn and is in sl.gm 
excess. Tne mesh is man dried under an air flow. 
,5 Themeshiscutout.tocoveranelectrodesurtace. Hydrogel ,s appl.ed 

tocovermemeshandeiecrode.andpresseddownweli. A sampie^etaining 
mount ofthe-nesh and hydrogel ,s applied. suOtmatal, layers are held dc^ 
onto tne electrode DacKing surface 20 pi Phosphate buffered sa.,ne ,s added 
conditioning procedure is applied, pefore testing response to glucose 



